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We will make two identical storage rings (or accelerators) stacked 

together up and down (or side by side) as shown in Fig. 1.. There are some 

number of long straight sections, where the beam is steered up and down 

vertically (or in and out radial.ly) with the aid of specj~al~ vertically-bending 

magnets. 

For the colliding beam of the same charge, .e. g., p-p, e--e-, etc., 

the magnetic field in two gaps of the ri.ng is in the opposite direction from 

each other. And the upper and lower beams are circulating in the different 

direction. There are a pair of vertically bending magnets on both.ends of 

the long straight suction as shown in Fig. 2. There the beams are steered 

up and dowry into the intermediate plane of the two rings, and they do head-on 

collision at the central region of the long straight sections. 

For the colliding beam of the different charge, e. g., p-p-, e--e+, 

etc., the magnetic field in two gaps is in the same dircctlon. and two beams 

arc circulatjng in the different direction from each other. At both ends of the 

long straight section, there is a pair of vertically beinding magnets, one each 

beam as shown in Fig. 3. The beams are directed to the center, of the long 

straight section and two beams coll~ide with a small ang-?c. The colliding 

angle c:in mack smalHcr by adding another pair of vertically bending magnets 

next to tl!i, already installed pair of magnets. 
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Fig. 1 

The Case for Particl.es of the Same Charge 
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Fig. 2 

The distance between the centers of the two vacuum chambers is 

2 x h meters. At one end of the straight section there are a pa,ir of bending magnets 

with their field reversed from each other. As a simple case the magnetic lengths 

of two bending magnets are taken same d, and the length between two is S. We 

calcul,ate the total necessary length and minimize it. 

The approximate deflection angle 0 and deviation % through a magnet 

is given by, 

9 =cj. 
R 

Z 4; = l/2 Od, 

w-here I1 is the radius of the curvature of the beam in the gap of the vertically 

bending nragni!t ant! rna.y bc taken same as the radius of the curvat~~rc of the 
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main ring. R is gi~ven by 

H.=p, R: m, 13:web,er/m2, and P:MeV/c. 
300B 

Then h is given by 

h = 22 + S. 0 = (d + S) . C! = (d + S) . A, 
R 

S=h&-d. 
d 

The total length 1, of this half system is given by 

L=2di-S=di-hEJ. 
d 

To minimke L, 

s=l-%i ad d * 

From 2 L = 0, 
dd 

hR = 
i?- 

1, d=& 

Then 

S = hR - &? = 0 
&F 

, 

L = 2 AYE. 

Therefore, the length 1, is minimum when thcrc is no drift space between 

the two bending magnets. The minimum total length IL, of the straight section for 

bending is twice the value given above and is given by 4m. R is proportional to 

the momentum of the beam and the necessary total length is proportional to J;; 

l’l~c ratio or ttlis siyction I.0 111~ tol:d circurnfcrcncc is decreasing with lhc incl,cas:c 

or tile energy, as the disl:~u~cc bctbveen the centers of the bieams is constant 

rcg:LIdlks;s t1ic energy of tllc bcnm. 
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The examples 

1) 200-400 EcV Machine 

Mean radi,us = lo3 m, R = 740 m, 211 = 0. 3 m 

Lo = 4Jlz = 4615 x 740 = 42 m 

d=&?%= 10.5m 

We may need some al.lowancc of the order of 10 m - 20 m for 

installj~ng drift space, Q magnets and an experiments-i area. The 

iong straight section of this length 50-60 m is feasible with the 

present tec11n010gy. 

2) 10 BeV 

~Main radius = 100 m, R = 36 m, 2h = 0, 3 m 

Lo = 4&S. = 4/o. 15 x.36 = 9.3 

d=JhTi=2.3 ,m 

We may need some allowance of the order of 5 m. The total length 

will bc about 14 m. 

3) 1 BCV 

R = 4 m, 2h = 0.3 m 

I,0 =4&?=4~15~4=3.1m 

d = ,m? = 0. ‘78 m 

The particle can go in two ways as fol~lows. In the first case the 

direction of the magnetic field of two rings is made diffcrcnt from each other.. 

‘1’11~~ beam in the upper ring stays there and comes dowri hnl~f way tile distance 

bctic-ccn the center-s of two vacuuin chambers, 0nl.y in the long straight scctio~~s 

as shown in Fig. 3. The beam in the 1~0~~: ring comes up in the same straight 
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sections and collides head-on with the q>per beam. In this case two beams may 

bc kept apart unti~l they afe stacked enough or accclcrated. In the second case, 

the direction of the magnetic fie1.d of the main ring is reversed at every long 

straigilt sections. Therefore, the beam in the upper ring goes downward at 

the long straight section and gets into the lower ring. The beam, which was 

in the lower ring, comes up and collides with the other beam. 

If it is necessary we may put quadrupole magnets in the col~lision area. 

II. The Case for Particles ofDifferent Charge 

In this case the verti~cal steering magnets as shown in Fig. 2 are all 

split into halves, and the direction of the magnetic field is rcverscd from each 

other. The magnets near the center of the straight section may be made like 

a magnetic slit. 

The directi.on of the magnetic field of two rings is made the same. 

Two beams are circulating in the opposite directions and switch from one 
E?llil. 

ring to the other in the long straight sections. The beams collide each 
A 

at the 

center of the straight section. In this case they do not collide head-on but with 

a small angle depc’nding on the verticall,y-bendirlg magnets. The necessary length 

of the lollg straight section may be of the order of that for the case of particles 

of the sanlc charge. The length may be madc shorter by eliminaling the inner 

steering magnets as shown in Fig. 3, but the angle of col~lision becomes bigger, 
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:’ Fig. 3 

We ,calculate the colliding kglc 20 and d for a system with given h 

and total length Lo. 

S-b - d = Lo - R0, 
2 -i- 

h = Z + St3 = cl2 + SB = R Q2 i LO - RQ2. 
5i-i z 2 

Then 

R02 - Lo0 + 2h = 0, 

L is longer than 2RB. Therefore, 0 and d are given by the following 

equations. 

63 = k (1 -$c-m- + ’ ) 
d = R0, 

As 0 shoul~d be real 

Lo 1. JEK = 2 JTJiK 

Ttie,refo[,e, thrl mininlurn total lcnglh I,, in this case is silorter- by a 

factor of flz than tllat for the case of the same chrrrge. l’he vertical steering 
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magnets for this case can be two--gap magnets with the same yoke and coj1.s. 

When tile h and d is given, the values of S and 0 are given as follows: 

III. Merits of this System 

The cost of this type of magnets is cheaper than that of two same 

magnets, which may be used together as a coU.iding’system. Two magnets can 

be made jn a unit. If wc use C-type magnet, the core lamination~for two rings 

can be made in a punch. The cost in its construction, transportation, instal,lation 

and survey is chcap;:;and this type may be made quickzy. If RF cavities are needed, 

they may be put in one of the straight sections and can be used for two~beams 

simultaneously. 

The tunnel cost can b&greatly reduced, because it is almost equivalent 

to t1la.t of only one ring system. Intersecting storage ring needs a much wider . 

tunnel rvhj~ch is costly, and two ring type needs double that for this type. 

In the system of the same charged particles the beams can be made to 

collide hex-on for quite a long distance in several long straight sections. The 
cclr! ;* 

production ra,te of coll~isi~on r\ made bjg, which is proportional to the length and 

to the nuinLPr of straigllt sections. This means much more readtion rate can be 

obtained in tllis system. 

Hy takjng out tilt ver.tic;il,ly bending magnets, tlic ring can be used as a 

two-.sLor-ictl ~~ccelctrator or booster. From this kitIt of consiclcratlo~ls, it may bc 

gootl if tllc rnngnct of the ring iz; built as a. scparatccl function type composed of 
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bending magnets and c~uadr~~pol~e magnets, which makes it possjblc to bc used ’ 

differently. If we are inJcrcsled only in ‘the case of beams of the same charge, 

we can make a magnet with two gaps and with top and bottom yokes in one magnetic 

The type of side-by-si~de magnet also can be made from one punch of 

sheet. The distance between the centers of the vacuum chamber is kept constant 

and the radii of the two rings are different from each other but constant. The 

beam is steered radially instead 6f Vertically. 

If WC could use superconducting magnets for the radially and vertically 

bending magnets, the radius of the ring and the l.ength of the vertically bending 

magnets can be reduced to a great extent. The quadrupole magnets may be made 

of regular iron or of superconducting material. 


